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1 j k >Aj^) j Lil^aj ^J£JI (JjjI£juVI cilli Uj ^jl juAjVI j (JjA£juVI S^)&Ua • 

■ AliojVI 


I aIIjujVI (JC. L-j^t 4 (iLaLal ^yA -) 



? (Jloi JjllS <Ljjljll CJu^l C \f\ — L_J 


? ^l£Jl ^-LIIaII ^1£juV! SjAUa UJj^J Jj l jll Jaj^judll ^&La 


; (3) 32 ^ 4jtSSU ^>laj| -A 


8 A-ai-uall 


^ A. I *a -Ai J | J ^ ^ i ^ J Jt .* J j J ! J P ! 




2017 / / 


y . w/y . n 


$.Lljj3 — A ]g ui 'V I 





; A-Jllll 4 (JC. L_L^.lj jyi 
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: io cm ^aJI ^Uj jIj 20 cm c$ u' ^ 

? AjL^jVI^ ^3 ^joi^Jl (jjfL ^1 
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Jbu ^Ac- ^JOI^JI (JJ^J l A^c. ^L_J 


? jjSlllI C5^ ^JUO^JI (jjfL 
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■F— ’ * _, 
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' dlLu).l*JI 


: <J* IjjlS <jj£j (jl AiC. cilia 

IjjCaljjj Lil^aj L— (j-a j£J *1^.1 j <jj£-a (j^a ^lill ^JaJjoull 4 j^«o \W A ,a?ViVI • 
cIjLujAxJI a l^ml j)\ {^jj^ii ^iil( L j\ Aju!i^\ cl A ^ ^Ic^jjujI • 



S^)xLallj Aj,Wx>\1 CILujCjlII <Jj£lLall ^jujj Ac.|jS • 

^-v^L^Sfl j j^wJJ Ijjl oj'jpJU jLLl ^ IaJuJI Y 





h-^S/l J J^J*1 ^ 


— r 



AjuilVt ^Ia^IuAj AjjSjjt CjLujAxlt ^ Aj jj^lt ^ajLuok AjAajc 

CjLujAxJI <jP l^j|jLui£jt j Ajj ij^aJt AjluiSM Ajj j^alt AjuilVl CjIjLula ^ 


SjxLCi LjLuiJxJj 

2\.\^aW LjLuiJxli ^ 

jaj Cn^kJ j^uiiL (^-ujLuj^I jj^aU bj) j-a JaSluCl gUlAl - ^ 

Sjjlb dJlJlal 

IjIa a!] bjl j-d Ja£l a Cl ^IjLuJj - ^ 

djjlb 

*j A i n s* t) l at-v dj^Cb dJiCbj jbCi lafll j Cl ^IxCCl - Y 
jj^aU Ljlj* Jjjjlal jaj t\i\i ^LujV) jjj^aM LjIjA 

Lr ujLut^! 

jj^ a\\ bjj ja j-uAL SjjJb IjLa Ja^LuAI g’bujCj - Y 

^uibjiVl 

n V C ^ IA^£j-aj jLaII Ja^LuJl ^IxCCl - Y* 

j^Lu V ^ Ut^£j-4J jLaJI Ja^Luxll ^btCCl - f 


C5 


f J Jl ^ 1 \ 
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1 4 

;fr<m j3l fra ( ^JU3l Jj^alt J^St ) a jatLa^t <LmJadl ^ i)j£j i^VIa ^ 



CjLujJxli ^Ujl (j^jllil diLuiJxSl 4 J j£1a]| jj^JI Jj^aj-; 


1 1 1 

1 

/ d 0 d i 


; CiLu *±11 f ui! jjjtiJI ^ 


<L*o«A*JJ «AaJ| fjxj J sj jj <U^bbj 43^\p jJb 


: Jlx!lT jp ojj^alt j *buj 


M = — = 

K 


d- 


a l 


: LIjaJI ^ ^ 

013 j* Jit ju^xlt J*abca d\^ lij 


Oj^a ^^3 j£*\ d\^ tilj 5 f ufij* Ojj^all 


: cAJAHS >&\1 ^ 


(-) 

( + ) 

JxJl 

* 

<^bi £l£ I jj 

'jj 

(do) 

4JL1 Sjj^ail 1 Jj 

UJa, Sjj^l C»SS tJj 

(di) jj^i' 

Sj xLa AjoaA& 


(f) ^ 

2ujXLa Sjj-ua]) ljjIS )j) 

AJjjxa ljjI£ |j) 

j^' 


19 A^Luail 


^ -k l -a -Ju J | J -a i ^ J jl -a J j J ! J P ! 




2017 / / 


Y * ) V/Y O 1 — ^)judC« — 4 In VM V v I <Luol^)£ 


20 cm s^jj^all ^xj *i^j! - ) 

? 15 cm c£jj^ <* vw^ Ajuj^ (I 
? 15 cm s^xLa Ajuo^c- (^ 


AjjliLa A 6^)jj^a ^jJjSlil A^a^^Ul Ajuj^xII .^ar \W ^&La _ s-LjaJJ Sjliui 1.6 Hfl ^ic* £x-*aj -Y 

? 6 ^ JA^J djliult 


^ Us5 (Y) g^ig4J Jd£- oj3^ 4J OJ ^So3 (X) jjlp 4jJl^-c 4-^jlp ^Lol ^ ^ ^-^5 

: J^J JSL^J) 


1 

L-(4cra)- 


X 


F Z 



■ ( 9 cm) ■ 


» il^_W ^ ) Jkj^Xw L> ( Jap L*ol I *1 

t 


20 


^ -k l -a -Ju J | J .4 ^ i ^ 1 x -4 1 I J I J £> j 





2017/ / :&j 


,1211 


Y * ) V/Y O 1 — ^)judC« — A In Ai V V I <Luol^)£ 



-£ 


US 4-4-j JL szJI (20 cm) JL52J ^LC' 4 j>^jJlSj 5j3^5 4J S y*JLa 4-w J lp ^Lol 2-^3 



jdSUI 


J 


Aax> 


(0^ AjjI^)1I jIaLg 


; 4^1 jll 

.(10 cm) 4 -wJlp ^Lol (30 cm) Jlrj g -^3 


Olj 


L=^? 3 ^o i^o JlrJI 4 h 4*t I 3 J ij^SoLtl 0j3^aJ) 0 Lol JSLaJI ^-wjJb ^-03 

.4&^y 1 


.1 


1 


/ 


30cm 


? Jl *Ajjl^U jAJlSHll jlvU L_Lud^.l -L_J 


<jl£ lit 4J j£lUll AxJl (^>j^ Lg-1 <juj,Axj Aj.Wx^I *LujA«J 1 Cl iIajlLujI lil 

? AjujAxJI jy| ^lc« ^ 


21 


^ -k l *a Cu i I J ^ ^ i ^ J jt ^ J j J ! J p ! 




2017 / / 


Y * ^ V/Y * ^ — 4 1-» .Ti iN/ 1 4_uil^£ 


_ £ ^ijall ^ j 


: ijiS cjl AjI^j , ^ c ' c ~^* 1x> 

i A li\ i ^cj^j \ ^ j & ^*i\ l A ^^juj ^ 

d sin0 = mA ^hVujj j j^aJI j ^ J (JjLu^ • 

1 j k j Liij^aj ^.jjJall A_i^.j^ll 4 ar jj)^i\l ^)Luo£jV 1 Lg-J A ^u-sajJ • 

jjjouiIIj J jJ^Jl (Jf- ^cjUII C_LiIall (jJJ AJjlLa $.l^)^.l • 

: aIl^i 

^jg.q^a ^jjaj ( tiLaLal SlS\ - ) 

?J)1^jA I^jlo 


■ «,ai 




,«11 m 


; ^cj jj ^g^juj 


¥ ^13 ^ H U 


?j£judll s-llJl J^.I^Illlj JlLaj -Y 


22 A^LuaJt 


^ -k l jm 1 I j j * i ^1 a j * 1 \ J ! J p ! 





2017/ / :&j 


,1211 


Y * ) V/Y O 1 — ^)judC« — A In v\*i V V I 4 jujI^)£ 



d sinG = d 2 -di ^ j. J^aj ^nnqM t J£joi11j -\ 



m= 


(JiLoj 



4j y*3 p^^bJI <J3-I Jo ^£> 3 j JjULU JSLxJI 

^ p^juaJU (^^>541 (J3-taJl l^i 

:l 4 *SM J^l <(500 nm) ^gLuJ 
»» * *• ** 


.(A) dJailiJ I JJLC' OJlosj ^ JJI J^IwUJI ioj 




(JSjuJI ^ (0) 4jjIj1I -LjJ 


23 ialyflll 


^ ^ i Ju i i j a ^ i ^ i jl a i i j i j p j 




2017 / / 


Y * ^ V/Y * ^ — 4 1-» ■« i V 1 



jjj^ ^ 


■ A-ilUill 4 L i n*sf 1 L-i^l (JjIaaII Jii ^lajl - ^ 

J)j J)^ aj J La 

? 4_j^)^illl "Luj^xJI s^jli U ^c_j 

? 4 J^aalt jLuiaII Jjjfl C-jLua^J 4 u>>1 jj\ 1 4 4u^iH L_u£l ^ 


-Y 


4j^Ij JwLC' c^a4I 


Jui>5^ lils < (lxlO 6 line/m) iSS^. JSj^ 

.(44.4°) Ufejljuio 

c 

^>3^1 J^iaJI ^ ms >- I .1 


oJl^JI di-s^Mo l&Jiif. ^lll i^ljJ! jljJLo ^5 J! ^3*5^1 ISI .o 

.J3^)l 


24 


^ A l -4 -Ul J I J -4 ^ I ^ J Jt -4 J j J I J £> j 









^5^ j-o 0^*6. ^5*^1 (j * J*^ 



1 , 

,j j-^aJI Ji-lJu -JaioPvo pwiqJ JjIS 4) JSLwJI 

Sl 

_t_J 

U-"" 

y'/xV 

dj^aD (^$41 (J^lail jl5 131 tp®- 5 * 

: 13 b Lo Jt^gl (X) i^jLuj 

"*r 

S 2 

U" 

1 

• (X) iLiijJI JlLp Ji^lJoJI d-oj 3 ^ 3 ^ - 1 


.(0) XjjljJI jU L. -V 


^Ijub^l Jls^I CJ 5 SJ 3 <(A.j=523.4 nm) ^>-341 4 J 3 J 3 c 3*0 & 

JLLe- 05 ^ (^ 2 ) c^T 3 "^ ^ 3^3 c 3 ^aJI (JljuXw) JLLP 3 J^-iJ) ^3 2 ^ 5 ^° 3 ^ 4 L^i 4 ) 

?( nm) Sjls^ 3 j (/*->) jIjJLo 3 S 0 ^5 .OJUDI I (a)g- 03 »iJ 



I 


a 


(r 


349 

0 

27 

O 

10000 

0 

523 

O 


^ l j* jSi J \ J ^ ^ j ^ J Jt .4 J \ 


25 4 ^ 1 ^) 


j I I 







26 


-i. l jSi J I J j* ^ i ^ 1 x -a J j J | J £> j 





27 


-i. l jSi J I J j* ^ i ^ 1 x -a J j J | J £> j 





28 


A l M Jot J t J A ^ 1 X I J I J £■ I 





29 


A l M Jot J t J A ^ 1 X I J I J £■ I 





30 


A l M Jot J t J A ^ 1 X I J I J £■ I 




2017 / / 


Y * ^ V/Y * ^ — 4 1-» ■« i V 1 4_uil^£ 


■ 


ijLuJl 






• p . — 


J^jujV 1 ^uaiajl ^IjLjuoI 
: u' c> l^pl£ (jl 4 j1-£J (J5^ ^ 1* £3jJJ 

LlL^a J I ^Jud^Jl ^LxjuoI ^^)juJ # 

: <Ha^i 

? 4 qV^-v ^ jA£j liLalt l ijJut ^ Llu J lLaJ ^jCa^oH (jSalll - ^ 


S^)l^)^Jl 4-^.^p Cl Ij'N (J-a A,B,C iti C-JJJ^)J Ale* 4 J£judll -Y 

B>A>C B>C>A -£ C>B>A-^ A>B>C -i 

? ^jud^Jl I CA 4_1^^C Jnc. ^LxjudU Cl 1 W i liLa ( CjjujI t xuh'N (JlLaJ ^jCo^aII (J£jCi -V 


? 1 ^JUd^Jlj ^ U -£ 

Uo c I t I ^jud^JI ^IxjujI ^ W *ix> (^JlLoj t J£JI ^ 

J£judll ^lc« 4_^uCa^<ill 4_i^.j^ll CIjIcC^jj L_Lud^.l ^1 

; ^Kull lc& ^Ic- ScU j do (illSl 3^2/La aUcI <JjC^JI J^uuj ^c_j 


r» 12 , 000 K T = 6000 K T = 3000 K 

K m - 250 nm X m - 500 nm - 1 000 nm 




SJia.XJI 




ia. id 4»d 



^buai!>U jdl (J ^lall 



^g la. id did 4_djaid 


31 A^Luall 


^ -k l -a -Cl i | J ^ ^ i ^ J Jt .4 J j J ! J P ! 





2017 / / 


Y * ) V/Y O 1 — ^)judC« 4 In VM V V I 


\ J jjujVI ^ui'nII ^Ix-jujI S^)ALla] A qVi's a\\ ClAj^lalJl djI^JjaiSJ 


| Jj^juoSLaI A ■j^Jailt ] 

? <j^.Ludll ^Loi^VI £yi ^ J * n j )^I jjl^ I d)L^.j^ll d)Lx-ijV Aj^laill a^A jA La - ^ 


? A-Ld C— 13LJUJ ^Illl dj|j^^)Illlj (JJJ La -Y 

? 4_La Clix-iLa]| ^ i ixl lal Ik * ^LljujVI ^)I^Laj &AA <5^lxJl La ^JlllLj 


? ^)L^all qa ^-^.j^all J^lall C_j|^)j3l Sic* C* iWj liLa t A ~sj^ ^ Aj^IojII a^A <jl 1 U>>^)j3l lit -V 


? VlL^Jl a^A Vi* )')a\\ Aillall 


? J ^uaLalt ^LljujV A-iIaxJI 0 jlHllj Vilalii aAA (jAJ La - £ 



32 A^*l\ 


(J S l -4 JM 1 | J .4 ^ j fl A J* 1 \ J I J P j 




2017 / / 


y . w/y . n 


$.Lljj 3 — A ]g ui 'V I 


fsll 4 jjkj ^ 


: u' ls^ ' j-^ uj^ u' l>“ j-^' ^ ^ 

LL^a J S^AlJa ^ ^) JUJ • 

AjiilJa C - A nA j) ^gjaUJal ix ^LxjuJ^U 6^1 JJC»l J L_<JJ^)xj • 

.<jjj jill AiOa L-Lua^. ^ ix C fijJall ^jjJal_La ( Q ilx aJ • 


? JjjujVI ^LxjujI S^)AUa ^JjudSlll A_xjJaj (^al^llsVI jA Laj ? ^£Jl Aj^)]aJ L-i^L^a jA (j-a 


^ ^ I ^jud^^ll 1 9 l ^^Jjud 9 ^ «•% ^\ i I li^a^juj I ^ 


E=hf : c> s^i jli 2 usii AiUa : ;UiOL 

h= 6.63xl0‘ 34 


t <J j} Ail Jail jj^luj CIajIj ULoxILujI lil 

CLll^S (gV) (j£& AiUa (jjAjil tiiLiA 


I ^jLuj J 30 HZ Ia^j^j a^£ 1 g IxhVi AiUall - £ 

2 . 21 xl 0’ 35 -j 1 . 99 xl 0' 32 -£ 30 -m 4 . 5 x 10 34 -i 

l ^jLolj |-|Z a^£JI 6^a ^ JJ jlit 2eV 1 g ^1 aSILI! jl^L. jl£ lil -0 

3xl0 33 4.8xl0 14 -£ 3xl0 14 -m 1.33xl0' 33 -' 


JjIujjS — 2 


" A ; ■ >' j ^ '* (_] A 1 ^ 3 ^~ ^^3 — ""i 

(jjUjjjjl dljJI Jjjj “M cdi^J (jJ^La -S 


33 


^ a. I j* jm 1 I J j* a. i ^1 a j* 1 \ J ! J P ! 




2017 / / 


Y * ^ V/Y * ^ — 4 1-» .Ti i V I 4_uil^£ 




; jl I J^la jjSj jl (Jja jJl g-i cilLa ^jJJ 

ScLa Ja^Ludll £^jCall _jl ^-a.^all SAjudll Cilia. C <l^j • 

_l ikx^j A^Uall $.Uijj A L^a d)lc ^aJAlia ^alCaCjujl J CIjLlijVI S^)ALla ^^)ju] • 

: aH^v I 

^ ^lc- £-^J L^L^)^ ^Liu£ (JfLuoll ^jCa Jj C* n^> t jj jiA ^JLlII l^J ^15 ^llll Aj^aall ^jCa jJ JjtLaJl JSjluJI - ) 

^<La.VI | c-ljjJal 4 j2/L JaLuo t Aj^aoll AjICj ^3 <LJLuj A W un ^■^lllj C_flLuo£Jl ^jauuo ^ Iclit (J-* 

; aJUII aIIujVI (jc- 4-i^lj c_flLi£JI CL jc^j La Ja^Vt (c) ^>>*^^1 Jjja j (b) j (a) ^ La£ 





.^vjv ; 



?CLl^Ii 1I CliVLaJl ^ L_flLu£]| CjHa. liLa -\ 


?dlla La jjoiS 


? A £Jt S^AlJallj ^jj^a^alt La -C 


J£julll ^ic* 4 ijj^a\l CIjLc-I jill A-iiaJl $.l^a.l l - ilSI t AjjjjCsj^)^£JI A-iiaJl ^j^a^)j <■ . lS-L^ JjULall k'1\W -Y 




34 


a l -a Chi J j J -a a 1 a J Jt -a 1 j J j J S> j 
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,1211 


Y * ) V/Y O 1 — ^)dc« — A In Ci V V I <LujI^)S 


aC^-J L<u2 A-illlllI aIIjujVI (JC- M^l 4 Adjdaj^SJl S^)AUa]| <Luol^)Cl JjULaII JS juall ^9 S^)jUl CIiaCSILujI -V 

I 

? C jjlSJl ^Jajuo L-LujI \a CC JJ (_5^ £ jjJa Injlun dc. C*vWj liLa -1 


-o 


3) 


<7> 

_fZT 


•Ml 


? A JajJl ^ jJa 2 ^1 Ax-x-^aII ^ Jdld do ^)d^VI Ss-IjaI Cl v W j lid -L_J 

tildd .1 ^yj& 

? .^ar Adjdall CIAjj^jjSJVI £-dj (_£i]l ^lU^-SlI lid 


| Adjdaj^SlI S^jAliall ^cjIHj (jJJj Aj^^aJI Aj^laill (J^ (J^)l§ ^JdJ! <Jj*l^Jl - £ 


A-iLixJl Aj^^lill 0 jld 

A- 1 ^.^aSI Aj^laill 

Aj^)ULa]| 4 _^.jl 



l^lcr S^&Uall d)jC^ ddu 



CjUjJSIVI aSIL 

; ^Ic. Aajju 



ddlaVI fiCjuo dlllS lil 

Ai-Utda 


35 4 ^Wati 


^ ^ l -4 -Cl 1 | J .4 ^ i fl A j* 1 \ J I J P j 




2017 / / 


y . w/y . n 


$.Lljj3 — A ]g ui 'V I A_uilj£ 




; ^paljjaVI 

4 j ^3 3 ^^-*-^ cl^J ClAjjJj^ (JC* $. 

; ^£1 jjjjil) AiUa JjJjill • 

j c 3 j^ 3 I(c_j 


' A^ujLuj) jkJfetjLa 

AiLlall ^<uu>lSj A^Jajuj *^ 3 a 3 ^ 

^>jj 


A^Ua AjLujSI cl)J^ 3 ^^ ^ 3 ajuj Cl)ljj^)j£JVI ^uujJ £ 3 ^ 


*>JJ 


aS^^JI <5Lla AjLudSl 3^^ ^ ^ k ^ (3^ ^ajuoj 3^3^ 3_^3 


glfii, OfjSLQ <-jb 9r XJ\ 



6 >JJ 

d)Lx-ij| ^.Ludslil ^Jt 3 l 3 j^JI cUSI Jjtiull 3 idl ^ 1^3 - ) 
\ ( 3 *^ ^ ji £ 3 a 3 ju£j Ale- jlftll ? 3 ajuo (jj& CA±JJ&N\ 


? lit* 

AJI.l] AjjouIIj JaSLuJI (jjj^all A^Ua 

Jiuill 

a ut,\ 1I3 JasLuJI ^3 

A Six \1 



f<f 



f=r 



f>r 


36 


^ a. l j* jm 1 I J j* a. i ^1 a j* 1 \ J ! J P ! 




2017/ / :&j 


,1211 


Y * ) V/Y O 1 — ^)judC« *UjJ* — A In v\*i V V I <Luol^)£ 


1 4 

; (jjHuoLt AJjIjla] Ijuj djbujVi jj^iVi 

4 *» n,*\l CIjUjjjSJVI CIjU jj jill ^tajj $. ^jJalt SAjuj S^IjJ>j (I 

CL)Ijl4jVI C— l^J V 4 y* It JJjj (j-a JSI -LaLudll £ jjJgjl Aijj jl£ 131 ^L_J 


AiiLla ^l,4^j JaSLudll f- j) jJalt 131 

Cl)tx_ijt C— iJLSkJ 4 m 11 ^)^t Unt \a $. jjJa JajiLuj Ale* 


31 4 -^L^a (J£judll ^)Iajl | A-la^.^L<a 

l£ 113 t, ^ t j I0 V ^5^1 l)^^ 5 dllA^.^11 ^jjuI aJjj ^jl L-ia^j JjLoiaII Alc> • 

E= w 0 +kE • 

,r 1 2 

hf= w 0 +-mv • 

? KE= 0 cjl £*iA f=f 0 ul£ 131 • 


^ WoJl 9 jl«-=uJI A^JI *3> 3 ^>^1 *»-* O** O^ftK') ^ Jl -T 

a U... ^jJLc a»h^ eu^^o J |^>1 ^>\lf o* eM Jai - t3 J * 5 

.oJbJI v ll 5 k 9 jJLftJl 



J^b J§l *J sSJJI tls^VB - VT 
B "v A -i 

D C -£ 
qS >> o9lb >*SI oJ sSjJI £IajuiVI “T-T 
B -s> A -I 

D -:> C -e 

:»jLajl vy-a- >^1 <tl sSjJl £.1 &jJjV1 “T“T 
B - vj A “I 

D C -e 


37 4^Wati 


^ a. I j* jm 1 I J j* a. i ^ J Jt .4 J j J I J £> j 




2017 / / 


Y * ^ V/Y * ^ — 4 1-» ■« i V 1 4_uil^£ 



f 10 ,4 Hz 


I A-1J 4 jl'sll Cl)lj Wi-a 

<3^ ^2 92 — ^ (6-12) lMI 

; f 0 4 -Uxl\ ^jj -I 

; V \/ 0 (Jijuall <Uh -L_J 

: kE max a£j^I AiUa -£ 

; h CIajIj 

■ E ASlJa -_A 


;f -j 


/d Ual ^ do^ l 



iwljjJ JjUUI J 5 LUI j 4^-0341 iolj j^SJl SjjljJI C-qjlp&*J 

(J) dJLp'^j 4 J 3 JI Ja^o j JoUs JamJI ilb .4-05-03^^11 oybUall 


r^Lu 

2.0 x 10 19 

O 

5.7 x 10' 19 

O 

1.5 x 10' 7 

O 

8.1 x 10' 7 

O 


38 


^ -k l o» JM 1 | J 03 ^ i A j* 1 \ J ! J P ! 






-r 

^3 (V) j L g.^a.4 1 v3j^3 (I)jL^JI Sju£ vjrv-> dsMxJI J->la4l J^«£JI 



dulsr ^>-° 0U3 jriSJy I olsi-jl iwlja 
1 I ^1. j*^5^ 

: d-o V I dJULw V I 

4is*^jJU oL>3jtvSJ^U vJ>l££» wX.^.g>- jl jJLo Lo .1 

^^"■3-U dJ^J^ ^JJI c^oJI ^1 Jl^LwI jjlc- 

<>(207 nm) 


. (eV)o Jl^5j jJLaJI o^U dJta l a r>- 1 . O 


i^JJI Lo (260 11m) dj^b ^JJI c 3.^3. Jl ocLo] ojui> 5«^L)j-j 


Jx* JaijLJI c^ail J$i» jls <(4.6 X 10 iy J) ^JidJI jJLaJ JiuSJI ilta CJl5 IS] 

: (ill) ,35-53^^1 1 Ol&jyi J] d5>Ja-*> 

*♦ ** * ♦♦ * «• ** 


2.08 x 10 13 

o 

6.94 x 

10 14 

O 

3.05 x 10 52 

o 

4.32 x 

10' 7 

O 


39 


fj -k l J» -Ju J 1 J J» 1 ^ J A .4 J I J I J £■ I 





O LLimJ I dU jSxJ 3 

o u yi aSjsr dsiy < jy> is^u*j i c^jis ^ 3 5--^ 3 1 
5^ L^S JasL^JI 1J3J3JUI islta^ jJLs ^j-o Oj^jOJ 

I I ^ 1 Lo- 4 a I J 5 ^iJ I v2xy-a 

.ioVi ib-wVi 

.jJLaJI Salt d^cgjl ^* 4*^1 .1 


KE(eV) 



Oli^jfcijyi i5j^ dslia Us3 (5.3 eV) j4aJI 4^L**JI isllaJI CJl5 IS] .<0 

.(eV) 0 JLP- 5 J diaj4l 


-i 

Ja^fra ,^Lp ^^541 J^JaJI ^ joJL^o jrvPls^i] JaJL^u <^ 3 ^ 3 >&SJI jro 1^3 1 iwljjJ 4 j jSxj ^ 

:oLi^1 J^JlpJI J ^-SUbyi ^3 ^j* 3 io5^3j^5 


(v) v^iubyi ji^ 

(nm) \ J$iaJI 

1 

600 

2 

400 


:<SLj\H AJUL ^ Vl v>£ **-^>4 ^ (JjJLpJI ^j^I 


J5IXH I dJLpJI Ja^fra ^ daltaJL^I jjbj V :JJLc .1 

.JaSLvJI c^oJU ^^541 


.JjjLaJI JjJLpJI ^ JMp' 3*° Colj Sw— o£r\ .(*_> 




2017 / / 


Y * ) V/Y O 1 — ^)judP (^dljll 4 In VM V V I <Luj|^)£ 


^jjln^ j£ jjjLj 

: ji i jis (JjSj ji (jja jJi ^ ^jjj 

^iilaliJ c£llij LjjJal ^j; Llik-iaj A_^.j^^a 1I 4 * A-JaH ^)^.l VH-a l&^)l JUC-l j S^klla ^^}jui • 

Cl)U jj jill Ail lalt j A-1 aS £.ILj l^l 


( J m I 4 a. 4 AjUl) Ag »»»«« Al l in' 



: yiuuVi 

I A j\l*l\l A-IIjujVI (JC- L-j ^.1 ^aJ JjULaII J£judil ^)]aj| - ^ 
? S^)&UaJ ^jj^aLall La ^1 


AijlLa AjIIAaII A-ilijudll Ajljuj^A] (jt (jjliA jS Aj^)^j (j±ii (l_j 

; A_]n3ljuJl AjljujVL 

Ajoij -Y 

jjSI ^ -r 

(JSI Ax- jjuo - £ 


? 



Ai^lxJlj ^^laxj ^ ja^ll A-LaS ^jl 



JLsj Sjj&lla ^3 d^JL^-uJI 03^3^ D^£> 6 ‘ 3 ds* j^u jljJLo cQ^a? i-oDl OIjCrJI ^1 

5^ol*£aDI J^3 dijliLo 


CD 

CD 

CD 

CD 


^^CaDI jlso D 3 J 3 A.U d^_>oS 

^oCaDI Jlso ip j-w 

Ji3 

Jii3 

JLn3 

iolj ^yi-O 

io l!> ^iLo 

J~a3 

djo u ^iLo 

dJL>lj 


41 Aai^uall 


^ A l -4 -Ul J I J -4 ^ j ^ J Jt -4 J j J ! J X ! 




2017 / / 


y . w/y . n 


«.Lljj3 — A ]g ui 'V ' 


< 


c 

tlo jjao Jt g* ^Jikol (0.01 nm) (j^rsAI iw*w is-il 
.AiLiJI jlsj CjuJjI J 3i5jyi it jw y^l .(0.0124 nm) ^3 * CaoIs 

I * *4 * 


i*jjk5t>5 Osr^Jus u U(24 eV) Lijl jJLo iSlku <uiwJI dstiW Ja a Mi job Jj 

.<Lpuji*a)l ^.> p ^ i>° 0 ^€ jl Jlsj g^jll (J1 4*3^® C*.lai> 

c c 

jotaj Lo .1 


JaSLoJl (jjJ jill L_ 


i-C»^>Juo L. jjuo^kl A >jV^ ^ y* J 1*11 (JJJ jiil 


42 


^ -1 l -A -OU 2 I J -A ^ j ^ J Jt -A J ) J I ) 






43 


-i. l jSi J I J j* ^ i ^ 1 x -a J j J | J £> j 
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Y * ) V/Y O 1 — ^)ju 1 c. — A In A V V I <Luol^)£ 


I <j^al^^.j c_flLujj£l; ^jLaill (Jj^aall 


: i jjis jj£j jt (jji jJi ajI^j gi tiiLa ^jii 


^aJLuoj <L^aila djLcJjud^ L^jI ^jjjLuol ^Ac. C • 

. iSauill j 3J&1I Clu^ (jA 4jj9Alt S I ClAi AijlLall • 
>( ^jl*JI l_u£jj • 

; 2UWtfl 


4Wajj\1 j aJj£JI j **- Cy* Cy* (jjt§ 

S^)All ^9 un'N £9^a 


CjUjjjSIVI 

CIAj jjlnll 

AjU jjj^jII 

\ K JO 

jlL^ll 4 -^.j 




ysii 








SjaII ^jjuoaJt ^ 9 ^ 



I AJ^)illl ^LjJa Jj l\ \ (J£judll -Y 


AjjajVI l^-i* l_iSjjj -! 


jl 4 jM JJ^£]| C - A la9V 1 ^Ic. > ^j9 J Ale. — L_J 

liL^J 4L_J^llVI 4j1-£-l fiL^jlj (3^ ■ ^ aS AjLjujVI 4-^J)-^ 

Y AjljujV^ fiA& C 


L_al^)^Al &L^j) Jaj liLa ^1 C. Yj^jl jlLa (J^ J > ^ 4jJa^)ju Ale. ^Lx-julll I^J Cl v W y liLa 

? 


| AjljujI ^jt ^lUIuaJ -C 


-Y 
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; jl I J^la jjSj jl (Jja jJl g-i cilia £3jJJ 

Ajjill ^-iL<ull jJ^iaJ AjljujI l— fll jaaj£t tg_j ^juoI • 

ll^ jl j ^<1*11 A-AjouIIj 1 ^ n'JVi A-iaA|j (jjjoia • 

A-njoull A la* juaII JbJLaal • 





JU» j J&\ Jt& jyt CJ 


J la.^1' «jci' : ( Y — V ) | J^iJ' 


| 4JL^ai ^9 \ g x^'Vnul <■ 7 1 (l) ^ 

^j^joua^J ^3 - ]aJL^ a]| ^ (JS <i±laj (jii cJ^)^ “' 


^Ixjuall <*_fll^)aJl /Jk -L_J 




^aaiauill jLoiaII ^11 ^IjljoJI d-ix-il ^j^jouajJ <Jjl 2 liLa -£■ 


^llll 4 ^ S,Aa.lj Ai^)Ja cilliA 4 ^IjLjudll ^ JujjJal lx j ^jIj^^SII (jdlla^all ^nJaJ SlC* -Y 

? CiVktkl 4 _jIj£ i^a LjjJal-j^) Aij^lall ak ^cHiLujI _ ^l*-judll <jt 
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(4000V) GjIjuLo OU^jfv^jyi iv^U ^jlsJI 4 j3*jI (j 

. 4stwl 

.J^i^JLI 4-52-<il ^0 ^cl-uoLp- jSSI •) 

* Ja^JU i ^ ^ m ^1 » w 


OjJnS c Q jL**wo ^3 




.(8 cm) 



jl S lo JLL& j$*uajo$) ij5^3l ^3 J^Pl 

OLj ga Oli3jfiSJyi itjw O-itLaj' lils <(B=E) 
4 ^JL«j ^JJI jL*4il jls (E,B) j-o ^ 
: 3^ JjliLtl JSLiJI J J 5 j&jyi 

* *r ♦* 6 


20 1 o 

4 0 3 0 
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Sjill ^ iL<u]l 


: u' t5^ ' j- 2 ^ uj^ u' l>“ j4t ls* 

SjilJ A ar C_L^a j • 

(jjln jouII <ES11 j $.1^1x11 ^a c_ ciiLuull ^uUj aJV^j A-iaaV ^c. ^ • 

L iUjJaJ A^^)Lol1a 1I CllU^llI 4 ^ joillal ix ^IjljujVI ClAx±j| ^jt C. Q L Q v • 

. SjiU 


^ + 

^ ^ 

* •• - 

^ ^ + 

+ + 


: Aiio^i 

c c^^jjuoajj ^aJlxJl ^A \W £jJaj Jjl - ^ 

? ^]_) lMI S 


(Jj^a Jj ^lill 4j\^»\l 0jtnll I^IjjILcj (Jjjuoa jJ jaj ^gic. 4 ln^]| Clilxa Jj ^jJajJ (J j^aJl -Y 

4jja^lal ^Oja 1]| £»X\\ (Jj^i^JI i^a AiLk (JS ^a A.\ u^Vl ^jc. l. \y\ i l^_JI 


^jjaj^j ^aj 

(Jj^a jJ AjlaaJI 

^JJ^J 

djl*a jj 

^cjIIj (Jjl Vi *1xj 4_JI 

4_j^)Vi]| 



L H5| J 

■ /? il- JJLia 

f 

AjuJaj ^ jlj-ajJI dll^jy^a 

J JjVj 

^jj^jij Ig.jlc, 

^3jJ (J£judll 

Axj till ^13 j jLua! ^jjajij 
C-iA^I 4^j^)judJ L^I-lSaj^al 
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^ j 4 <. ? *nw\l ^ull (J J J ^ a S (jlS 6 Ajjulajui]! <c» Sjilt A^njujj <jl -V 

1&*1^.I . <*— il^liljl 6^*J i : * n*s ^Lal£ j <j£L ^aJ cilli 


l- i&lll 4i3j Ikjjjc* >Alc. LjI^j (g) l>> i1.^Jajj> jj ^ 9 ; /Jlc, -£ 


^j| ^JUOC. (J^judJ CljjlxU -J 


| lil) Cl )1 AUi\y jlax j j (J-JJJ 

J^jujLi^ Lcl-lLaj^al fi^)illj CluJliaj^a) lill Cl)L<aJjud^ (jl -1 
Sjil I (jJaL 4 jj3 J^Ijj c£ jJ ^ 

AjJLuj Aa2 ± juj j (ji 

l^-ilalj ililll V A.li>a.j^a>a ^jC- S^jLiC. (J> 

I lill djLu^ 4_nllc» (J> c y* 

SjdJlS Llj^ <*— Aj^jjjudll dj^C- -L_J S-ljjll Cl)J}Jjl "’ 


113 — ^ (2) <£*4* jf^-l / 4-^' jll 


:6l y^c- dUi j-o JjcmJ Jl§ 5 «LaJt ul^?- ^ia» aljujl ojJJ) oDjSU iwlji JJLt 

.d_JLv dCsxJv JjXCO OU^jfSJ^n O .^Iji OjjJI ^PtP- ^JaSjO O 

.5I$JI Oljljlo 3 J3-X3 CjLj^jrdJ^)! O .4_u>-^JU ol^jjl ^ jSj £> OjJJl l_J 


48 


^ -k l *a d i I J ^ ^ i ^ J jt .4 J j J ! J p ! 





2017 / / 


Y * ^ V/Y * ^ — 4 1-» .Ti i V I 4_uil^£ 


. JJJ 


s^A (_5-lc- 1 7 jjj IgJLjJa j CljUjJajill j j djbliUjVI Jllll J j^Jl C5^ 

; ciiblSijVI 


dig J ^lill (j£Louill ^ic* L Jiliedll JJJ diLida^S 


-i 

-i 

-Y 

-Y 

_r 


JLq C. L^aJ ^IiLujU 4_ud dUjjj£J!/U AjjI^. 



? 0.847 nm Sji ^aa c q * .Vi <jjfL jld* c^t ^ Sjill jji ^bVnub -V 
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^jj^)j£JVI ^-C»^>juo <jl L—Lul -£ 


Vn= 


2nKZe 


nh 


AjjV I jjj&Wl ^ (ji - fl 


En ” 


— 13.6 


‘ n n 2 
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< 


U 1 '-“ 


fit -1 


j= R (4 - 


I £aw^\I Jallill cl n^N ^jjCIjj ^ilUj (jLaJ ^-LudLoLiA ^jjlS -V 



^aILj 

(jUj 









^Lx-jujVI 




jjjiiii 




jjjj Jal 




J_^]a (Jjial 

5 CC 1 
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; 4 j jill i ‘aljUVI ^ 


? ^3 dlli <L^aiL<i cJiLiial ClAjtcjl Ja^)juj ^)£dI 


V UjI VI 4jqj3o JjujVLuo b^C* Z> jjAl^Jl jtiJ ^Ja^Jl ^jLxJjVI <> £-1 ji^.1 (3^ ^ jil L5^ / 

^ ^aIIj ^JjudLuO 







— L t J 1 t 1 

1 

r 1 

2 T 





n=2 J] n=3 O 
n=2 J] ii=4 O 


&*wD (658 lim) ^>3^1 4I5I9 J3J3S C*sDl 

Ob^Lu^S ju gUS-jJU^I Oji JliiDl 

.jjuui jsjji asiwi 

sjiiiDyi 1 j-p ijVi oijLpji ^1 

n=l Jl n=2 CD 
n=l JJ ii=3 CD 


-£ 

i^Lj j$> £^3-6 ^93 5ji CjIjIjlo jsA J iJSJI 43 Hail CD 15 IS] 

IjA <U9 Ja-« lS jJI jlj4>l Us <(-1.362 x 10' I9 J) 

3 CD 2 CD 

5 CD 4 0 
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< 


_o 


a 


1 oVLiol dJLtuJL^ J*>Li4l 


V u 


c- & 


ji5”l 4J J5J59 C-il^jjLj v_J3f*j£tQ Oyiio^l i^l .1 


E = -123 eV 


.(c) 4^Jo jiLoJI ^LsJ&U J^JaJI 


.ij^jbJI Ijofc i^iL-bl k _ s (t- ^jpuJolj OjIj jjSLs 1 ^ 


/ 4^' jll 


6j£tj>A fi^So ^5«S < ("V ) (jO - ^ J Jwt^il bjjj ^ jll dfjW OjlS lb] 

?£j&i ^^s-jti j 


Av O 


O 


*v O 


iv O 


9 


25 
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Y / jll 

j jlo 3 <j1 o*JI OL-byi 3S 

:(3^M j£-*£Jb ip^^I Jgjin-W) OJubj-ti-9 5j3 Ob 

(ijjl 


,ji a 1 1 i3jjJ 


s^kJl Jg jJn.*V (i _ r a^l2 <d.l.>t^).«.4^o (jjl (J| .1 


5iL9lLaJI (3 t3>^ I Lo-&J ^->3" «> a jjM S) 1 Jl 5 " '•> 1 t-Q >!**>)) Jg^iag- ,3) ,0 


4SllaJI (3^1*405 <<._0 <{->H Jg^Lag- J^ig I j-ag-S)l JagJJ jlS IS] 

. J3 j 6JSII 4_ko JJiljl (^jJI 


r/ jii 


ft 

Jw£ (in) iiilk)! ^^uua Jl J^ifl islkll ^^u»a jA ^u^jJu^JI bji jjjjv&)j J.QX X* 

?(m) <$$141 U .(10.2 eV) Iftjjs is Ik) 

3 0 2 0 

5 0 4 0 
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ojLail 4_i^. j-ail 4jt_nla]l 


: (A- IjjlS <jj£j (j! Ale. l^IIa ^SjJJ 


<■ 1* 1 


IaII AiUall s-UL aIa^LujIj djUjlijoiAll (jjj AiUall C-jLud^. • 

Iujj^j ^ IgJ ^C.Aj 4joj^\l • 


2LH-VI 


? " 4-^.jJ^a 4 ar jjln a1 " L-lS^aj ^ lar J liLa - ^ 




A= 


2 — V cl)^ x jd i Ae«^jud]| 1^1 

m ' 


? 



h 

^2emV 


-Y 


LS 


fl A J*l\ 


55 


A l a jSi 1 j J a a. j 




2017 / / 


Y * ) V/Y O 1 — ^)judC« — 4 In Ai V v I <Luol^)£ 


? Jlc-/ S^jUI iaJ-^A (JS ^^ic- ^3^5^a 4_^.^a (^ja ^ V c5^ 6 4-I^.^a 4-i^.Lk-iaJ ^ 



| A In^s^La 


jIAaII ^ 


■]qJ^.a\1 — ^I^aVI X (Jjlall -Y 

2nr= nA 


A -- ■ x ‘ " AjJJ < i£a 4_l^j«a]l (Jl ^jJaV! jj«a 1 (_g-lc- LSj^-^j jl.la ^3 jj.ll jjjJ^JVI jl£ lil - ^ 


jiai 


? kE= 


ft 2 

2mA 2 


-Y 
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-r 



J}j3 ji50y I tiSjsxJ ^Lj-La 4I Jl^yi ijLC- JjLaJ. 1 JSCiJI 

5jkj>-$> jIjlU I Jufc J asi^^l i&jfwJ Lo SjJJ (r) jIjlM j 

?(m/s) 

2 x 10 3 CD 
2 x 10 6 O 


7 x 10 5 CD 
4 x 10 6 O 


Ljo+9 4+juuLuoJI 4jb>VI 

• o[s 42x10 kg rn^/s = oljljuoJI joI \ss 03 _>* 5 J\i iSgljJI cj 15 lij 


St sJ3 > o^ *^>^o cJ^Js 

A ( m)«u>LcuJI 

jJa9 

r (m) JjuoJI 

( n) JjuoJI /)3j 


3.32xl0' lu 

1.58xlO' i0 

3 

1 

1.33xl0' a 

8.464xl0' lu 

4 

<w> 

9.96xlO' ltJ 

4.7xl0' lu 

3 

£ 

3.32xlO' A ° 

2.12xlO' iU 

4 



_0 



S^j QjjiSJy A3j3ja *K^.jxi (JjliL&JI (jSoiil (JlLcj 
M-llml ^ja Ia& (. 9 Y\\ . <slia]l ^jJjuaa ^^3 


^3 £^3 Ia 1 


43^L*JIj ^Joaj vJSjaII ^3 3jI.Lq ^_5-3 Ujj£tt A-i^ljL-aAll A^ja]! (J^Ja dujl t j^j A.U>a^3 IaA^Laa “"2 

Qj(A = 6nr„y) 
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^C. L»-ij'i V 1 JaLuii]!) j-aUill (J- 


; ^ 1 jjla (jjSj (jl (jjj jail 4-jl^j iili« ^jjj 
Uj UU.J LliJj lill AjljujI q * ajl >/r\ j Ajt-iila c <l^j • 

1 ^ jlf~- (, ^ 1 n ^ \jjj^ 1 a\ l < *' <1 AJ . .'-N. < ol . ^ Q i ' '1 Aj i .'-V l l ^j l . A J » ^ l ' 1 t Q'^S 0 

: ^iyuVI 


? ^C-Lx-jaiVt -laLulllI S^kUaJ La - ^ 



: ^UcU^l -Y 

= A^xll • 

= A*JI • 

= ClAjjJJ jaIII • 


? A^lLal ? Jjl lalll -V 


? ^C-l-L^all ^C-Lx-jaiVt -laLulllIj jjln\l ^^LljujVI -laLoull q ±1 La - £ 


^Loi^VI (jljl^.1 ^ ic- liaj ^IjjI Aj!^j i lil^aj ^JJ -0 
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-Y 



Ilk (j lUui J (f&UtA d **- 1 JJ 1 *-* 3 ' J^' Oj*f O 

jj (jaL.-kjll 6 - *l*j JitJ rfllij O- 

tyi_ 5 ii (£ t( j* i<jm) AjuJ&I (>• £ 1 jjI cLjuu li A^Jc> ^aJla 

? Aju^!)t\ oAA *L*uii 



J] AjjJljl* ^ *Mv 1 tCjl^buiyi £ja AjBIj 4 <ja) 0 

: L«S I^jI jUaa ("rtjirtb 

? ;<ja) ^jC-ljuiH ful (^ 

? (^‘ 0 “) Lh* JS A tx*ii ^4 (t 
? (c>a) JilAlkA jMul jiii (^ 
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| 4_iaV I ^ ii ■ ‘'V I a_l^.l t ^ V *1 4 ^ a . .^1 ^ - A ^ J J.W ^j<a - ^ 

Y (Jlc. _ LaL^j Ijjj ^)2i£j Jjjij ^)j£l liJI <*jjV -i 

YjjjjbJI < _ s Jc. 6j^a Jal (jljlkVI (_gic. LgJ <*jj 2/U (jj^j liLal -<_j 


Y i_Jlc- _ tall 1 " '' <. ilijl j-a 0.001 Cm Cf" ' C ^ * “' -^Jy v ^ ^Wl a -v ja ■ 


k (^ t4 r* *^) JiA dilclxaij CJafl* n I^Saui oJLtil 4 _uuLx2a AjjJjl* AajI^o IW 

_iJI^4j J a.)j <$ j 2« « a Sj tfjlj 1a JlA j Aajiua !t 


: (jL Lac u*a.ij JluJl (jx-u <lfiiU t I) tiijjj ^aoL-aJl &a (tj) & )jli <_>«) 

(£ tui ti) liitebuSVI U (> 
(uj ti) £y* JS 4aa-ui U (Y 


i-J 

e 









O* 



O' 
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LdL^. AjLjujj — Ijjj AjLjujI — US) AjLjuj] 


: Ah^\ 
;U1 I ^UljujI 
: iM\ sjUJl lU^I - ^ 

^)IcL<ij A L5 Jjj]| l!%J ^jl.vixn dl^ilS 2 L5^)^ C4xll Jib Ull l** \\ a ) x n'N ^U-jujI Ale- -I 


X 


2 4 He 


; Uuj ^IxjujI 


(o3jjSJ^I)v_JLmjJI IjLu ^_Ls2_»j^[ o-° 


^L-i=>3 /x3 Cl^JLJI vZ-r\J^ Ls^joJ I v _ > j^r_ - ,2>l ~1 

(^9>*rL)5-fJ 0 I 3 


11 “ * ~*~ -° e v-JUoJI £ U^[ 

^ 11 H_ +l e ^=r^oJI 




? llij cl jUujuo^ j&\ jx^al.U.SI (^g jil c!jc^j ULa -Y 


j*: 


^ + 


x V _i_ 0 

1 1 ^ -1 


:o_JbJI oV^LsioJI J-aSl-o 


2 |fU-> ;;;;X+ £He -W 


■||U -» ;;;;X+ 2 1H -T- v 2 5|Am -> ;;;;X + \a -T- v 

:<ULJI cAbUoJI Jjd^I -*l 


13 It 
53 1 


Ifc 


;;Y+2_5e- £ 90 

;;;;X+- fi - 3 


IIS r 

40 


!S:Y + 


13 It 
S3 1 


40 

— ► Jir 

19 IS 


;;;;X+ _?e -1 

^|Na -> ;;;;X+ + °e -i 
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: uu ^Uuii _r 

V_5viiSJI 3I lS^JJI ^AfiJI <JJO LSI >*-S2J p_LC j-juULflJ Is Lex/ clJUI CU33JI cJ^LszxxJI 53^0 V_sv 9 -1 


LoL> ^btjLifj 

240 p M • • • 

94 * U ^ 




2 fJPa -> 2 f*Pa + ||y 

CjJlscj Lo ^JjoSI «loL> ^a-iiiXl 6I3-JI (yJo^j ( 3 )JSLiiJI -2 

LoL> ^IsZ-cuj _>xS2J v_SXaJI ClklsLoJI ^pj ^Ls2-julT^J 1 Xp ; olgjJU 


a. ..1. Ul. ol>^o 

(3)js^l 


? LaL^. tg-La </* i* j n ^j^aUxll LLIj j ^Sjj /Jlc- -V 

; LaA ^jjUjuaS tilli ^ ja . J 


CjJLx-axlo >*-6 ^5uoj Lb jujujo IbbSrjo Obr^gj (v)s (1) oU^LjuuJI ^sJLlII JgJjaJI-A 

.Slgj ^>Al fl jjJgJl <fc >/uLai xjI^LLju^VI ajulp l __5sJ I Lcx£j\b> ^jjs ul 
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^U-L^ ^gA jl jjJl JJjtlll 


? ^Ijljuj^U ^jjLillj ^^x-^^aII La - ) 


? ^g-^. j] jdJl jl,^iA 1 g j\c> .IaJXJ cJaI L a -Y 


^Ijljuj^U l iikh l^)Aju^aA CllaJU^al ^1 l ajB 1^L>-v AjljujVI lill CIjIaJjoi^. /Jlc- -V 
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~7 77 7777 7 ^ 

tj-iJ^ LiSl dj\ <a)uA ^LxjujI'J jl jSU 


; ^ I la (jj£j jl ^ jJl <jl$j ^ cilia 2^JJJ 

4-1^ lllJj aJLuJI lllJj Ull 4jlA\ JjUaill J^J ^li^LuoL 4jj^ Cl)V^-*-a 4 _jLj£ • 

1 7 ^VJ LaL^J llLlJj l^l CiLlijai^ I^C-IjLjujI Sl^ill jl jSU ^^)jud • 

: AJWtfl 



T ( ^LsjcJI V__iJ 1 x_i_ij I IjLiJ J&Jl—xjJS> O I_2 j_J I AJ^Lsz^ i_-»jlS' j ** r- 

T ( ^^uJ\) V-jo>3joJ[ buU ^Ou-juOJ> v^Uzjjf qJ^LsZX) ^juS l“£“ 

; uL ^l>ajLuu\J| u 5'JL^*Jjo /x-*JLZ-jujuoJ i cJJ=eJI <_s\JLc g-aj <^snjJI Aa_*ji>JI ^^LlszJI Aj^J I JxjoJu ~ 

N>Z O N < Z (g N = Z( V N > Z(I 

J > flJL*Jj\JI gji03 tJ>X) c L fl -^- 0 3jl Aj^jl I^JjJLQJ - 

ssJ LzSLII lai^JLC <>oIj 5 l/Ij “V 5 _s vlv< 1 | (f^s \ r. 6^b^j A 

Si33JI l^uj A§lkj Jo-W^ia oslajb v3,jj| lai^Ax: ^Ujb -g 

O 3 SJ jl> 2 JL^\J| ^sOL^Juo ( JjLajlJ ) OtS 0 ^? v-sOLc giu ^jJI ^^oUssJ I - 

. v-^lbu > g . X -J ux jr j^s^SUcj 

Ijj -5 Ifljl -g u&SjJ “V 03 ^ 3 ^ -I 



^sJbJI Ji-ilJb Lo5 ,jljiLiL^\i| ^l.^Lo cl>L> A,B / C / D ^J3?l q^nj - 

: Sr SM3i b^/ ob. M u> £ Ls2_>Jjb li5^J > aJLw[ ^ auxSj «^jJ[ Sf^JI 


D 


c-e 


B -V 


A -1 
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^ -i l *a iu J I j -a ^ i f 1 x ^ 1 \ J ! J p ! 





2017 / / 


Y • I V/Y * I "1 — 4 1-» ■« i V 1 4_uil^£ 


? llnj Am\ LaAiC, Si jill jjjuj V - ^ 




l^jc. 


tLu dll AUaa. jjl VI dLijjj£]l <_£ jdi V Si jjll (jl A-a /<_}!& -V 




.1 I-*-*- ^J3 Idl dV^ljuall 146 *** v °‘^ > t_''S^I| ^]aj| 
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^ -k l -a -Ju i I J ^ ^ i ^ 1 x -a 1 I J I J £> j 
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Y * ^ V/Y * ^ — 4 1-» .Ti i V I 4_uil^£ 


. J^VI cUJL- ^ 


u' t5^ ' UJ^ u' L>“ J-^' ‘SjC’ 

LL^a j ^C*ljLjujVi ^Jjuj^juj ^^juj # 

^Jjuj^juj ^ijudSJ • 



\a1 Wtf! 


4 ^ljulaII aAjoAjuo ^ 

\ J LaC. L—l^l Ajuj^cI 


? AJjuAjuj L_i^)C. -I 


? ^Ix-jujVI A-iLdC. s-Lj) £jujj CljLujud^Jl Li — l_j 


? till 


cisLc-L JiLj Ajjjj aLL.* c_u£I 


— till cl A Ajaia> jcc. ■ 


= Ijjj C^Lujo^ 



A L >i ^ f JlJJl 1^1 

: <1 ^U-*£V1 

: v^ Sp**^ 

? V rti W 5 1 ^13 S ^CH5J) j^aJ) La — ^ 

? 4j *<J *> Ajl^SH La — Y 

diV J^D ^ A^ajlLaJI dll 4^* lj JJ& La — V 

:A^lUi3 

W<— Z * Z«— Y 

? i y jiu j J*«,j c-ioS) — t 

? I jl jil* n) J3SM « 33 ^a^ uoS) — o 
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^ -k l -a -Cl i | J ^ ^ i ^ J JL .4 J j J ! J P ! 






^.1 -yl o J — ^ 13 

c i ^1^9 (jLJyJl (* V». .4J ^ <«-g- bu u tV 1 ( b 3^ mI4 ^ b ^ u 

. LflJl «JljU*_ljy A_J_5_^j *4_Sj}Lar_^a C__jHSLl ^ 

. c-LjI jk i VV ^Lj ^ AJjIjla <- — Y 

^jc A^lar jlttJl Lai) ^3j\_a_i > ><~ l_,o — V 

288 


2 84^C^J 


90 


J\T cJ^3 


.(Bi) O^O^JI ^-wxLC' | (Po) j^lLP jvi^J dL«JL«> JJL^ ol3^1 J^uZJI 

ri-o^H dJLLw^M ^3^ s *— 



5dl^JL*JI oJub ^3 djjs_-j 4 J oUl^yi ^ 1 3 ->l Lo .1 
O) ^&3j ^Ls?-iyi 

(r) ^sj ^u^yi 

. 4 JL 4 JL 4 JI ojl&J <JMs>oyi <^S I .y 


j^cLfS* ^ TV ) js^jS* (3^ (X^) Llo ^ 

81'**** *** ** 

:^ 5 Lu oUal iJiLatl j ( 2 ° s 6 2 Pb) 


210 Ti _ 

► 206 Pb + 4 He + X °e 



81 

82 2 -1 




2 O 

1 

0 


4 O 

3 

0 
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^ -k l -a -Ju i I J .4 ^ i ^ 1 x -4 1 I J I J £> j 
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Y * ^ V/Y * ^ — 4 1-» .Ti i V I 4_uil^£ 


. yjj^l JojJI 4SlL ^ 


: u' t5^ ' uj^ u' l>“ j-^' ls* 

a I jill <ja A** ua\\ Cl il aj x rt-N lb jjliiII aJj£JI s-Uj <jjjli ^l^klLuol • 

Ail Jail (J ja. (JjLLajjI aJ^Ijla ^l^lklLuAj Ajj^JI ds^lc-liill AiUall CjLxjuI at aJj£ ^aklll ^L^.jl • 

LuCab^)^ bs^^a^ 

: aIi^VI 

? Ajjjill ^ jill i^ypL^ ^ 


? ^jjill -LaJ^S\ AfjUaJ J La -Y 


L^jbj^A JjS a <ja ^)j£l -C-J 

l^jb^^A (JjS ^ ^a_^a ^ja ^Ju^^al -C 


| (jj£j al^J AJ jS -V 

L$jb j£a (Jj£ ^J^A^fc.A.1 A_J^LudA -I 
1$jU j^bl AjjcII ^ ^a^a! AjjLoia 



| Lac- l_l^.I j J£judll ^9 ^ WiaII - £ 


£j ± j Ia Aj9jj^Jl ^j^abxll ^ 15S11 ^AxJl 

Ia ajaluiAll ^A^abxJlj 

Cju ^)a ALiUl j^l W\i LaIlj 


JaJ^)ll AiUaj I jl jSU ^j^ababl ^)j£l -L-J 

^jLaJ aJ 

JaJ^)ll AiUa JajuojJA aCb^} ^aCC- A_ilo (JCj ^£Cll Ia 

? a qi^*iA jiijjVi cic> 
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^ A l A -A J | J A A. j ^ J Jt A 1 I j ! j p ! 




2017 / / 


Y O V/Y • n 


— ^)juaC« *^ij£ — 4 In v\*i i V 1 <Luol^)£ 


? (J£J JaJ^ll AiiLla^ t JaJ^)ll A^Ua C-jLuo^J L_JjSI - ) 


144 4-^j^a ^juj^aaII c_jLj£JI ^2 JHaII ^lajl - Y 



Mo 


S? 3 LaxO* 8 t^j^uuaS^I _>waAC 6 I 3 JJ »333jJI Jbu_>JI <33lb CJlS li>j- 
i$ib JjliLoJI (T) ( J 5 LjkjuJI k t s 3 j ^ zuszJI ols 128 M 6 V 

r -v ) -f 

* -* r -5 


> 

CD 









0 

!t[= 


i i 



! 

I I 

1 1 

8 ~ 
.4- 

-J_ 

A. , 

n f 

tj - 


1 1 

ITr 

1 1 

r l 

7 t 

] " 

Ml 1 

i^x 




E 7 


IfSv 

1 





;r 


II 

| 1 



1 | 

1 i i . 

J_ 

1 


l| 

i 




Mil 













l| 





1 


J 

1 

JJ_ 




_1 

LJ_i 

| 


£ 

1 }, 

I: 

^ ' 

o ll io 4 o 5 ^o co 100 iro mo ibo ico 200 22c 2 <o 
iiaJl ( A ) 


A 3 U 0 \ol-xjJ$jJD Cj-Zrl 2^3-/ i^sJbdl J-$_jujJI “ 

uJn5 01 /3^53^1 ^_LC 3 ( Ebn) C>3 ? *153 ;! jU t-So 3 jJI \odj]\ 
yjjj (EbA) l^>n ^9lb uS^9"v3>aJI‘. ( A ) 6 I 3 JI 

: ( MeV) (Y) 5 (X) 0 ^=^ I 


1AV,Y -v 

oT, ♦ 


1 * 0,1 - 
T1A, A -5 


-£ 


U u*^| (id.j) ®o,m^£ ^jluu 2 5 6 6 Fe Sl^ t^LS lit 0 

OjJSjja Ljj!I iilL (T iajjJl AaUa ( \ 


70 A^Luall 


A l -4 A J I J ja ^ i ^ J Jt J I J | J £> j 





jL U-Lt (MeV) 6 JL 5 >" 3 j ( x ]_^Au) j^cus- J3J5L0 J SJ ^533*^! JajjJI iill® jip^I 

.(196.966m) ibjJJI £UJ U5 


JzujJ I 43 Ho pS <^3^1 j5L*tJl 3 0 ^£33-*-^ Ja-> jJI 43 11^ ^JL=>^Lo 

SCMeV) ( lo ;Ru) f5t uD 3j JI jrJiD (E b ) ^>^1 



(A) 


11.8 CD 8.5 CD 

850 CD 800 CD 


g^R// ►“g^Po + CL : J^jyi diibto ^393 jjiljJI j-^alc- 


ibjJJI jl UJLc> 


2 l 8 4 Po = 217.96289// 2 gj:R//= 221.97039// a = 4.00151// 

.(/•/) 0J^r>3J ^)l 0I3JJI djuS ,jO <^+u£r\ J 


.(A4cV) 0wXr>3j (3^° i^oLJI is IJ qJ I < . c_j 
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^ ^ l -a -Ju i I J ^ ^ i ^ J jt .4 J ) J ! J p ! 




2017/ / :&j 


,1211 


Y * ) V/Y O 1 — ^)judC« — A In Ji V V I <Luol^)£ 



; I ji5 jjSj jl (J* jJI AjI^j cilLa ^ijjj 


L Qi^oll J^JU 4 j 4 n'\ dll jlx>C» £.|^)^.l • 

o^ill ^c>\jul\ (JA ^jLiJ ^Uiul • 


; 2LiWtfl 


JjULaII dll ^ 

? jl ^uLLiill ^ -I 


? 1 /i.W jj <JC>ljLjujVt 4-lLal ju) ill L_jL 


4J^Ix-a ^lIiLujI -c 


v 3 jIsjJIj o -°>^3 03 ^ &duuoJI ju^HgJI qjo 



» 1 

0 12 3 4 


t (min) 


(l)JidJl 


Qj3>\JI 2>Jlc <jju cis\lsJI (y&$j (l)jSLdJI-6 
; ^JLJI cdijuj\JI ^>c vl>! />j J^.dJl 

jJzszj ^3 j ^^qjoJLo -| 

^zUlsJI I dpJ io*/a Jl jjcxx: ljlai ; j>j - \^j 

(S *) 0Jl> 3^ J\l»2fc/^J| CjuU V-jljuJL>I -g 


t 0 *J-OjJI JulC J a or, Jl>3) ”2> 


*P (25) *j\ji ^ O sSj LoJ-n JoSuJl ^OxaJU ^lad;VI SsblduuJI J 


.^>11 ^ s^o ^cusdJ J\lszj))\ C^b 3 cuclad,^! clJoLjoJI ^jo JSJ c0 3 j^> IsU - 3 


•CH0>Jb ^JLaioJI Jl (1) J^lJI ode /x^JL e^ 3 -uS 
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fj -k l J» -Ju J 1 J A 1 X *»1 I J I J £■ I 






151 3 ^ 


1 v.X^l d^S" Lg- ^ > V ) 4^bUuJI CJ IS lilS <(7x10 ) l a ) 3J 1 ^JL£* g«ilSyO jyClSkS- dJLcP 

:^53 Luj 4-JUJb 4J j-^p jls < (0.5 Bq) ^3 Luj 

1.0 x 10' 11 CD 7.1 x 10' 12 O 

1.4xlO n CD 9.7 x 10 10 CD 



j^xLaJ JMpoyi (^JlsxJLa JjliLtl ^05:) 

j^rtJLgJ I IjL^J s>. fl 1 j*oS~ .^Jjzy}\ jy£~ g^uO 

Luj 0 13^*^ L> 
5.0 CD 2.5 CD 

10.0 CD 7.5 CD 


jSbjyi Cotf ( SI 3 J 5xl0 12 ) ^ ( 14 C) jOjS- ja 4JUp 

.(1.72 x 10 4 yr) Juu 1$) 4 JL 1 U &$&! adP ^ms^\ . ( 1.21 xlO 4 yr 1 ) 
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^ -k l -a 2i J | J -a ^ i ^ 1 x -a 1 I J I J £> j 
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y . w/y . n 


«.Lljj3 — A ]g ui 'V I 


^ j ^jil ^ U».'.’.<V1 ^ 


: C> l^pli (jl 4 j1-£J C5^ £§jJJ 

^LaAjVlj ^UajudJ^I >/r\ $.l^a.l • 


; 2LH-VI 


? jUajudjI l^J iL.Wj <jl cl£^ jM lV^i ^\ jj) jUajauVI <L ZjC- -Y 



I LiC. c_la.lj _ JjULaII J£judll -V 

? djUjjj j ±^ L AjjjVI ^JlxJI jli LLJ — I 


? jUajudjVI A-AaO LjjJlaJ ^joiLaII L- njudlt Li -L_J 


? J£judll ^)UajudjVI 4 _LLl^ L_u£I 


? 4» jjUl ^jjill jUajaijVI Cl)LaljlklLuj| -V 
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^ a l *a Ju J I J -a a 1 ^ J Jt .a J j J I J £> j 
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Y * ^ V/Y * ^ — 4 1-» ■« i V 1 4_uil^£ 


| J&lLall ^ 


: u' t5^ ' j-^ uj^ u' l>“ j-^' ls * 


(Jc»LLall (J-oC-j L_u£^)J 


: aIi^v I 


? Jc-LLall C_i^)C- - ^ 


1 (JctILaSI s.I^^. 1 (J£judll -V 




(w (I 

_ (2> 



(-> 


? Jc»lLall djLdl^i^lLujI -V 


-c 

¥ <i&]L U -r 


vS33^ J^ULfcl J3-l^ OJLsnj* i$33*M >V1 OM^Lflj 4s*j LJI OU3^>3aJJ1 45 

:4Ea*u I3J 

^SLo^JI JjLw CD oL>3lr>Jl CD 

<Jc>L-tl CD ^SLs>cdl jL^9 CD 

5^535111 J^ULU (j J-^JI clU plJ^Ccwl ijji Jojx ) I U 

- d-> L33 jrLkjJ I J^SWZJ CD .OU^jJ^juJI ^lij] CD 

.oL^jj^^l (j^Uaiol CD .Ci^jj^ajJI iSjL^j CD 
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y . w/y . n 


$.Lljj3 — A L» ui 'V I 


■ ^LjAjVI ^ 


; ^ 1 jjli Jj$3 (jl (jjj jail AjI^j lilia ^SjJJ 

^■La.ljVlj jUajJaiVI <-J^lc.lij q &Zi\ ■ (jjj Sj^LLa $.l^)^,l 


: JOlyuVI 


. l-iu*21l ^ jUajJdjVlj (Jjl3 


\ LaA ClL/lc-lij -Y 


? C5j^J ^’Lg.AjI -V 


? ^ I J S^lxJl (_5 jjill -£ 


? Jc-lillll I^A ^jC. 4-^jlill AiLlall L. Uh'nI 4_£iVI 


4 J H 


-► 4 ''He + 2 °e +2^ + 27 

2 +i 


; (jlj Laic. 


4 x 1.007276 = 4.029104 it 
4.0026 it 


. dljj a!^ * 
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-i. l jSi J I J j* ^ i ^ 1 x -a J j J | J £> j 
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